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Exercise Systolic Blood Pressure: A Powerful Determinant of
Increased Left Ventricular Mass in Patients With Hypertension
HAN-FANG REN, MD,* A-HAMID HAKKI, MD, FACC, MORRIS N. KOTLER, MD, FACC,t
ABDVLMASSIH S. ISKANDRIAN, MD, FACC
Philadelphia, Pennsylvania
This study examines the relation between left ventricular
mass determined by two-dimensional echocardiography
and exercise blood pressure in patients with hyperten-
sion. Sixty-seven patients with hypertension and 19 nor-
mal subjects underwent treadmill exercise testing and
two-dimensional echocardiography. The left ventricular
mass index in the normal subjects was 80 ± 10 g/m2
(mean ± SD). Patients with hypertension were classified
into two groups according to left ventricular mass: Group
I (n =42) had normal mass and Group II (n =25) had
increased mass (>2 SD above the mean value in 19
normal subjects).
There was a poor correlation between left ventricular
mass and blood pressure at rest. However, a better cor-
relation was found between left ventricular mass and
The Framingham Study has shown that left ventricular hy-
pertrophy carries a grave prognosis, even when not asso-
ciated with coronary heart disease, congestive heart failure
or rheumatic heart disease (l). The incidence of sudden
death after acute myocardial infarction is increased in pa-
tients with preexisting hypertension who have left ventric-
ular hypertrophy by electrocardiography (2,3). The mech-
anism underlying the high incidence of sudden death in
patients with hypertension and left ventricular hypertrophy
is not well understood. Stauer (4) showed that the coronary
reserve is reduced in hypertensive patients. Experimental
studies (5) have shown an increased incidence of sudden
cardiac death after coronary artery occlusion in hypertensive
dogs that have left ventricular hypertrophy as compared with
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exercise systolic blood pressure (r = 0.58, P < 0.001)
or the change in systolic blood pressure from rest to
exercise (r = 0.48, P < 0.001). Twenty-two (76%) of
29 patients with an exercise systolic blood pressure of
190 mm Hg or greater had an increased left ventricular
mass index, whereas only 3 (8%) of 38 patients with an
exercise systolic blood pressure of less than 190 mm Hg
had an increased left ventricular mass index (p < 0.0001).
Thus, in patients with hypertension, left ventricular
mass index is poorly related to blood pressure at rest,
but is related to exercisesystolic blood pressure. Patients
with an exercise systolic blood pressure of 190 mm Hg
or greater usuallyhave an increased left ventricular mass.
These findings may have therapeutic implications.
(J Am Coli CardioI1985;5:1224-31)
control animals. The mechanism of sudden death has been
attributed to decreased coronary reserve or to intrinsic elec-
trophysiologic abnormalities rather than to increased size of
the occluded vascular bed. Other studies (6-8) have dem-
onstrated abnormalities in coronary reserve in experimental
left ventricular hypertrophy.
Left ventricular hypertrophy in patients with hyperten-
sion is more closely related to blood pressure during activity
or stress than to basal blood pressure (9,10). However, the
stress of clinic visits, work environment and other daily
activities is variable and cannot be accurately quantified.
Exercise, on the other hand, is a standardized method of
stress testing that can be readily quantitated and reproduced.
This study examines the relation between blood pressure at
rest and during treadmill exercise testing and left ventricular
mass measured by two-dimensional echocardiography in
patients with established or borderline hypertension.
Methods
Study group. Data on all patients who had two-dimen-
sional echocardiography and exercise thallium-2Ot scintig-
raphy between March 1981 and December 1983 were re-
viewed. Only patients who had a normal exercise thallium
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Table 1. Clinical Features of 19 Normal Subjects
BSA = body surface area; DBP = diastolic blood pressure; Ex =
exercise; HR = heart rate; LV = left ventricular; SBP = systolic blood
pressure.
where AI and A2 represent the enclosed area of a chamber
of two orthogonal views, respectively, and L is the common
axis shared.
ative or inconclusive as previously described (16). The met-
abolic equivalents were estimated from the exercise duration
in each patient (17).
At peak exercise , 2 mCi of thallium-20l was injected
intravenously and the patient was asked to continue to ex-
ercise for 30 to 60 seconds more. As soon as the exerci se
was completed , images were obtained in three projections.
The technique of thallium imaging and interpretation of the
test results have been previously reported (18,19) .
Echocardiography. Two-dimensional echocardio-
grams were obtained with a phased array sector scanner
(Varian 3400 or 3400R) and a 2.5 MHz transducer. The
videotape images were analyzed using a Sony SVMIOIO
videotape recorder providing slow speed and frame by frame
forward features. Simultaneous electrocardiographic re-
cording was used for timing purposes.
The left ventricular epicardial and endocardial enclosed
volumes were measured at end-diastole from the two or-
thogonal planes measured at the onset of the QRS complex
on the electrocardiogram; the parasternal short-axis view
(below the level of the mitral valve but above the level of
the papillary muscles) and the apical four chamber view.
The common axis shared was assumed to be at the upper
one-third level of the left ventricle in the apical four chamber
view. Using the microprocessor-controlled light pen system,
images from the parasternal short-axis and apical four cham-
ber views were traced along the outermost edge of epicardial
echoes as well as along that of endocardial echoes (Fig . I).
Volume determinations were calculated by the programmed
computerized system utilizing biplane area-length formula
on the basis of an e1ipsoid method as follows:
8 AI X A2
V = 3 L '
Mean ± SD
48 ± 10
1.77 ± 0.18
74 ± II
156 ± 31
us ± 8
154 ± IS
79 ± 7
84 ± 9
8.1 ± 3.6
80 ± 10
6
13
Subjects (n)
Men
Women
Age (yr)
BSA (m2)
Rest HR (beats/min)
Ex HR (beats/min)
Rest SBP (mm Hg)
Ex SBP (mm Hg)
Rest DBP (mm Hg)
Ex DBP (mm Hg)
Ex duration (min)
LV mass index (g/rrr')
image and a technically satisfactory two-dimensional echo-
cardiogram were included in this study . We postulated that
a normal exercise thallium image is a reliable indicator that
myocardial ischemia was either not precipitated during ex-
ercise or was clinically insignificant. This prerequisition was
important because myocardial ischemia may interfere with
blood pressure response. Blunted blood pressure response
or hypotension during exercise has been observed in patients
with extensive coronary artery disease or left ventricular
dysfunction (11,12). Similarly, patients with valvular heart
disease or cardiomyopathy were excluded from the study .
There were 67 patients (26 men and 41 women) with a
history of established hypertension (13) . The duration of
hypertension was 6.4 ± 7.0 years . Nineteen patients with
normal blood pressure served as control subjects. The nor-
mal subjects were being evaluated for a nonanginal chest
pain syndrome and were found to have normal exercise
thallium-20l images and normal echocardiographic find-
ings. Of the 67 patients with hypertension , 27 were taking
antihypertensive medications which included beta-receptor
blocking agents or diuretic drugs. The remaining 40 patients
had not been previously treated with antihypertensive med-
ications because of "mild" hypertension, because they were
advised only to restrict salt in the diet or because of non-
compliance. Patients for whom antihypertensive medica-
tions had been prescribed were included for two reasons:
I) the desire to examine the relation of blood pressure and
left ventricular mass, regardless of attempts to alter blood
pressure; and 2) because 60% of the hypertensive patients
were not taking antihypertensive medication, separate anal-
ysis of the latter patients was also possible .
Left ventricular hypertrophy as determined by electro-
cardiography was considered present according to criteria
of Sokolow and Lyon (14) . Exercise testing and two-di-
mensional echocardiography were performed within a mean
interval of 7 days from each other.
The 19 normotensive subjects were free of organic car-
diac diseases on the basis of clinical evaluation (Table I) ,
the absence of a history of hypertension , normal rest systolic
and diastolic blood presures , normal rest and exercise elec-
trocardiograms, normal blood pressure response to exercise,
normal exercise thallium-201 image and normal two-di-
mensional echocardiogram.
Exercise testing and thallium scintigraphy. Each pa-
tient underwent symptom-limited multistage treadmill ex-
ercise testing in the fasting state in accordance with the
Bruce protocol (15). The electrocardiogram (leads V3 , v,
and aVF) was monitored continuously during exercise . The
blood pressure was measured by cuff sphygmomanometry
during the third minute of each stage during exercise and
every 2 minutes during recovery . "Exercise systolic blood
pressure" as used here refers to systolic blood pressure at
peak exercise. The exercise end points in these patients were
excessive fatigue, leg weakness or shortness of breath. The
exercise electrocardiogram was interpreted as positive, neg-
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Figure I. Determination of left ventricular mass.
Epicardial and endocardial outermost borders are
traced at end-diastole bythecomputerized light pen
method intwo-dimensional echocardiographic para-
sternal short-axis (A) and apical four chamber (8)
views in a normal subject. Epicardial enclosedvol-
ume determined using thebiplane area-length method
measured 232 ml; endocardial enclosedvolume was
106 ml, and left ventricular mass was 126 x
1.05 = 132 g. LA = left atrium; LV = left ven-
tricle; RA = right atrium; RV = right ventricle.
The left ventricular mass was determined as follows:
( Epicardial _ Endocardial ) I 05enclosed volume enclosed volume x . ,
where 1.05 is the specific gravity of the myocardium. The
mass was then indexed by dividing it by body surface area
(m").
Three consecutive beats were analyzed and averagedfor
all determinations. All patients were in normal sinus rhythm.
The determination of left ventricular volume by two-di-
mensional echocardiography has been validated in our in-
stitution and by others (20-23) . One of us (J.F.R .) made
all the echocardiographic measurements without knowledge
of the results of the other tests. The intraobserver variability
in two-dimensional echocardiographic measurements of left
ventricular mass index in 20 patients was 4 ± 2%.
The echocardiographic determination of left ventricular
mass was compared with measurements obtained by contrast
left ventriculography (24) in 14 patients. There was close
agreement between the two methods in determining left
ventricular mass (r = 0.81, SEE = 26).
Statistical analysis. Statistical analysis was performed
using the BMDP statistical programs (25). Correlation be-
tween measurements was made using linear regression anal-
ysis. We compared variables in different groups using the
analysis of variance or Fisher's two-tailed exact test. Step-
wise discriminant analysis was performed to derive the mul-
tivariate function to classify patients into outcome categories
(normal or increased left ventricular mass index) (25) . In-
dependent variables were considered candidates for forward
entry into the function and backward elimination from the
function if their association with the dependent variable and
their contribution to the discriminant function were signif-
icant (f = 6.0).
Results were expressed as the mean ± standard deviation
(SD) when appropriate. A probability (p) value of less than
0 .05 was considered significant.
Results
Normal subjects. The pertinent data from 19 normal
subjects used to establish control values for left ventricular
mass index are shown in Table 1. The left ventricular mass
index was 80 ± 10 g/m" (range 67 to 97). An abnormal or
increased left ventricular mass index was considered to be
2 SD above this mean (> 100 g/rrr').
Patients with hypertension. The left ventricular mass
varied between 58 and 187 g/rrr' in the 67 patients. Patients
were classified into two groups: Group I (n = 42) had
normal left ventricular mass (5100 g/nr') and Group II
(n = 25) had increased left ventricular mass (> 100 g/nr').
The clinical and exercise data are given in Table 2. The
systolic and diastolic blood pressures at rest were similar in
the two groups; however, the exercise systolic blood pres-
sure and the change in systolic blood pressure (from rest to
exercise) were higher in Group II than in Group I. Similarly,
the change in systolic blood pressure from rest to exercise
expressed as a function of the estimated metabolic equiv-
alents was higher in Group II than in Group I.
Eight patients (/2%) had left ventricular hypertrophy by
electrocardiography. The left ventricular mass in these pa-
tients was significantly higher than in normal subjects
(III ± 37 versus 80 ± 10 g/m", respectively, p < 0.01).
However, left ventricular hypertrophy by electrocardiog-
raphy was not predictive of increased left ventricular mass
(Table 2). No significant relation was found between left
ventricular mass index and either the known duration of
hypertension (r = - 0.05, P = NS) or age (r = 0.12, P
= NS).
Relation of blood pressure to left ventricular
mass. There was no significant correlation between left
ventricular mass index and systolic or diastolic blood pres-
sure at rest. A significant correlation existed between left
ventricular mass index and exercise systolic blood pressure
(r = 0.58 , P < 0.001) and the change in systolic blood
pressure from rest to exercise (r = 0.48 , P < 0.001) (Fig.
2). Stepwise discriminant analysis of variables listed in Ta-
ble 2 showed that the exercise systolic blood pressure was
the most important determinant of left ventricular mass in-
dex (f = 42 .3 , P < 0.(001) .
Relation of blood pressure to left ventricular mass in
patients who had not previously been treated. Forty pa-
tients had not previously been treated with antihypertensive
medications; 26 had normal and 14 had increased left ven-
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Table 2. Pertinent Data in 67 Hypertensive Patients Classified According to Left Ventricular
Mass Index
Left Ventricular Mass Index
100 gfm2 or Greater. Less than 100 g/rn!
(n = 42) (n = 25)
n (%) Mean :t SD n (%) Mean :t SD p Value
Men 14 (33) 12 (48) NS
History
Typical angina II (26) 5 (20) NS
Dyspnea 27 (64) 12 (48) NS
Syncope 6 (14) 2 (8) NS
Diabetes mellitus 3 (7) 2 (8) NS
Coronary bypass surgery 3 (7) I (4) NS
Family history of hypertension 30 (71) 17 (68) NS
Medications
Diuretic drugs 8 (19) 7 (28) NS
Beta-adrenergic blocking agents II (26) 7 (28) NS
ECG at rest
LVH 5 (12) 3 (12) NS
ST-T 7 (17) 9 (36) NS
IVCD or BBB 4 (10) 3 (12) NS
Rest HR (beats/min) 71 :t 13 66 :t 14 NS
Ex HR (beats/min) 144 :t 22 140 :t 23 NS
Rest SBP (mm Hg) 136 :t 15 137 :t 21 NS
Ex SBP (rnrn Hg) 168 :t 22 201 :t 17 < 0.000 1
~ SBP (mm Hg) 31 :t 18 64 :t 23 < 0.000 1
A SBP/MET (mm HglMET) 5.6 :t 4 .2 11.1 :t9. 1 < 0.002
Rest DBP (rnm Hg) 86 :t 10 84 :t 10 NS
Ex DBP (mm Hg) 87 :t 13 89 :t 16 NS
Ex rate-pressure product 24.2 :t 5.6 28.2 :t 4 .9 0.005
(mm Hg x beals/min)
Ex duration (min) 6.7 :t 3.3 7.7 :t 3.9 NS
LV mass index (g/m2) 83 :t 10 123 :t 22 < 0.000 1
BSA (rrr') 1.83 :t 0.23 1.85 :t 0 . 17 NS
Positive Ex ECG II (26) 5 (20) NS
Ex angina 2 (5) 2 (8) NS
BBB = right or left bundle branch block; ECG = electrocardiogram; IVCD = nonspecific intraventricular
conduction delay; LVH = left ventricular hypertrophy ; MET = metabolic equivalents; n = number of patients ;
ST-T = ST and T wave abnormalities; ~ = change from rest to exercise; other abbreviat ions as in Table I.
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tricular mass index. As in the total group , the only differ-
ences between patients with normal or increased left ven-
tricular mass were in the exercise systolic blood pressure
(166 ± 19 versus 204 ± 19 mm Hg, p < 0.00(1 ) and the
change in systolic blood pressure from rest to exercise
(33 ± 16 versus 63 ± 26 mm Hg, p < 0.00(1 ). Similarly ,
there was a significant correlation between left ventricular
mass index and exercise systolic blood pressure (r = 0.65 ,
p < 0.001 ) and the change in systolic blood pressure from
rest to exercise (r = 0.51 , p < 0.001) (Fig. 3). Stepwise
discriminant analysis of variables listed in Table 2 showed
that exercise systolic blood pressure was again the best
predictor of left ventricular mass index (f = 39.2; P <
0.0001) .
Exercise blood pressure as a predictor of increased
left ventricular mass. Figures 2 and 3 show that an ar-
bitrary exercise systolic blood pressure of 190 mm Hg dis-
tinguished patients with normal left ventricular mass from
those with increased left ventricular mass. An increased left
ventricular mass index was present in 22 (76%) of 29 pa-
tients with an exercise systolic blood pressureof 190 mm
Hg or greater compared with only 3 (8%) of 38 patients
with an exercise systolic blood pressure of less than 190
mm Hg (p < 0.00(1). Among patients who had not pre-
viously been treated , an increased left ventricular mass index
was present in 12 (80%) of 15 patients with an exercise
systolic blood pressure of 190 mm Hg or greater compared
with only 2 (8%) of 25 patients with an exercise systolic
blood pressure of less than 190 mm Hg.
Discussion
Our study shows a relation between exercise systolic
blood pressure and left ventricular mass . The systolic blood
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Figure 2. Left ventricular (LV) mass index in the
total study group (n = 67) in relation to systolic
blood pressure (SBP) at rest, diastolic blood pres-
sure (DBP) at rest, exercise systolic and exercise
diastolic blood pressures, change in systolic blood
pressurefrom rest to exercise (IlSBP) and the ratio
of change in systolic blood pressure from rest to
exercise to metabolic equivalents (IlSBP/MET).
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pressure obtained at peak symptom-limited exercise was a
better indicator of left ventricular hypertrophy than was the
electrocardiogram or blood pressure at rest.
The stimulus for hypertrophy in hypertension is not well
known (26), but is probably related to increased wall stress.
The hypertrophy leads to normalization of wall stress on
the basis of the Laplace law. Therefore, systolic hyperten-
sion is the factor most strongly related to left ventricular
hypertrophy.
Relation of hypertrophy to blood pressure at rest ver-
sus stress. The importance of systolic blood pressure in
relation to left ventricular mass has been previously docu-
mented (9,10). In addition, the response of blood pressure
to stress may provide an insight into the pathophysiologic
mechanism of left ventricular hypertrophy. Devereux et al.
(10) obtained 24 hour cuff blood pressure recordings in 19
normal subjects and 81 patients with mild hypertension.
They found that left ventricular hypertrophy as determined
by echocardiography was poorly related to clinical or home
measurements of blood pressure, but that a better correlation
existed between left ventricular hypertrophy and blood pres-
sure during recurring stress at work. There were two notable
differences between the study of Devereux et al. (10) and
ours. I) They used automatic portable blood pressure re-
corders, whereas we used conventional mercury-filled
sphygmomanometers. The portable blood pressure appa-
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Figure 3. Left ventricular mass index in the 40
patients not previously treatedwithantihypertensive
medication in relation to systolic blood pressure
(SBP) and diastolic blood pressure (DBP) at rest,
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sures, change in systolic blood pressure from rest
to exercise (~SBP) and the ratio of change in sys-
tolic blood pressure from rest to exercise to meta-
bolic equivalents (~SBP/MET).
72 90 108 126
EXERCISE OBP(mmHg)
y=87.24+1.35x
,=0.38
P<0.05
180
N
E
~ ISO
)(
III
~ 120
i2 90
~
60
....
....
....
.",
. ....
....
.. ,~".
. . ,... .
.;.4 • •
~" . .. -.
_. y=74.83+0.55x
r=O.51
P<0 .OO1
180
N
E
~ ISO
)(
IIIQ! 120
~2 90
~
60
......
.... .
....
....
...."- ...... , .
....;::....
---. -..
.
o 30 60 90
t. SBP(mmHg)
120 o 12 24 36 4B
t. SBP/ MET(mmHg/ met)
ratus may yield inaccurate readings during strenuous ex-
ercise, but this is not relevant to the data of Devereux et
al. becau se they did not perform an exercise test. 2) They
calculated left ventricular mass from formulas on the basis
of M-mode echocardiograms, whereas we used two-dimen-
sional echocardiograms, allowin g multiple views of the left
ventricle . Despite these differences, our study supports the
findings of Devereux et al . ( 10) and emphasizes that blood
pressure durin g stress is a better predictor of left ventricular
mass than is blood pressure at rest. Simil arly , Sokolow et
al. (27) found a significant correlation between ambulatory
blood pressure recording and the severity of left ventricular
hypertrophy . Rowlands et al. (9) studied 50 patients with
mild to moderate hypertension and found that blood pressure
during continuous intraarterial ambulatory monitoring was
related to left ventricular mass.
Ambulatory versus exercise testing blood pressure,
In contrast to the variability in blood pressure measurements
in daily activity, exercise testing provides an ideal method
in which exercise work load and duration can be quantitated.
In addition , blood pressure changes can be expressed either
in absolute values or as a function of the work performed.
Because the management of hypertension is usually aimed
at prevention of target organ damage, our findings and those
of othe rs suggest that antihypertensive therapy should be
tailored to lower the blood pressure not only at rest , but
also during exercise. The choice of therapy may be impor-
tant because different antihypertensive medications may have
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different pharmacodynamic effects at rest or during exercise
(28) . This hypothesis needs to be interpreted with caution
inasmuch as all of the large scale epidemiologic studies show
diminished morbidity and mortality with treatment titrated
to control blood pressure at rest.
Potential limitations of the study. The limitations of
this study include its retrospective nature, its fairly sinall
number of patients and the method of measuring left ven-
tricular mass. Because of limited lateral resolution, precise
definition of wall thickness using two-dimensional echo-
cardiography may be time-consuming and requires an eX7
perienced observer. The identification of endocardium and
epicardium may be enhanced by inspection of real time
images. However, the values in the normal group compare
favorably with those reported by others using contrast an-
giography (4) or M-mode echocardiography (29). In addi-
tion, Reichek et al. (30) showed that two-dimensional echo-
cardiography is a reliable method .for determining left
ventricular mass in human subjects. It is also possible that
regression of left ventricular hypertrophy had already oc-
curred during the follow-up period In the patients who were
receiving antihypertensive treatment. For this reason, we
analyzed the data separately in the patients who had not
been previously treated.
Although few of our patients had a positive exercise
electrocardiogram or angina during exercise, it is unlikely
that these findings influenced the results because thallium-
20 I images were normal and, therefore, electrocardio-
graphic findings may be falsely positive or may represent a
small amount of ischemia.
the small sample size and the retrospective nature of the
study did not permit evaluation of the effect of specific
antihypertensive therapy on left ventricular mass. This ap-
pears to be a useful area for future research.
Clinical implications. Exercise systolic blood pressure
is a better predictor of left ventricular mass than is blood
pressure at rest. Because the goal of antihypertensive ther-
apy is the prevention of target organ damage, we propose
that treatment should be aimed at controlling blood pressure
not only at rest , but also during exercise.
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